Objective Risk factors for falling in elderly people remain uncertain, and the effects of spinal factors and physical ability on body balance and falling have not been examined. The objective of this study was to investigate how factors such as spinal sagittal alignment, spinal range of motion, body balance, muscle strength, and gait speed influence falling in the prospective cohort study. Methods The subjects were 100 males who underwent a basic health checkup. Balance, SpinalMouse Ò data, grip strength, back muscle strength, 10-m gait time, lumbar lateral standing radiographs, body mass index, and fall history over the previous year were examined. Platform measurements of balance included the distance of movement of the center of pressure (COP) per second (LNG/TIME), the envelopment area traced by movement of the COP (E AREA), and the LNG/E AREA ratio. The thoracic/lumbar angle ratio (T/L ratio) and sagittal vertical axis (SVA) were used as an index of sagittal balance. Results LNG/TIME and E AREA showed significant positive correlations with age, T/L ratio, SVA, and 10-m gait time; and significant negative correlations with lumbar lordosis angle, sacral inclination angle, grip strength and back muscle strength. Multiple regression analysis showed significant differences for LNG/TIME and E AREA with T/L ratio, SVA, lumbar lordosis angle and sacral inclination angle (R 2 = 0.399). Twelve subjects (12 %) had experienced a fall over the past year. Age, T/L ratio, SVA, lumbar lordosis angle, sacral inclination angle, grip strength, back muscle strength, 10-m gait time, height of the intervertebral disc, osteophyte formation in radiographs and LNG/E AREA differed significantly between fallers and non-fallers. The group with SVA [ 40 mm (n = 18) had a significant higher number of subjects with a single fall (6 single fallers/18: p = 0.0075) and with multiple falls (4 multiple fallers/18: p = 0.0095). Conclusion Good spinal sagittal alignment, muscle strength and 10-m gait speed improve body balance and reduce the risk of fall. Muscle strength and physical ability are also important for spinal sagittal alignment. Body balance training, improvement of physical abilities including muscle training, and maintenance of spinal sagittal alignment can lead to prevention of fall.
Introduction
Falling is an aging-related problem that has increased with aging of society. Elderly people have higher extrinsic and intrinsic risk factors for falling compared to younger people [1, 2] , and fall may cause limb and spinal fractures [3, 4] . Thus, falling is a major cause of reduced activity of daily living (ADL) and quality of life (QOL) in the elderly, and may result in increased mortality [5] . Decreased ADL and QOL may also increase the number of bedridden elderly people, with consequent increases in nursing and medical expenses and associated social problems [6] [7] [8] .
There have been several reports on risk factors for falling in the elderly, but some issues remain unclear [9] . A risk of falling due to body imbalance has been reported based on the results of force platform balance measures [10] [11] [12] . Some studies have also suggested a relationship of muscle strength with falling [13] , whereas others have not found this relationship [14, 15] ; thus, the importance of this factor is yet to be determined. In elderly people, spinal sagittal alignment is likely to be anteversion, and poor spinal sagittal alignment may lead to falling. However, whether sagittal alignment of the whole spine and the range of motion (ROM) of the spine cause poor body balance and falling have not been established. Furthermore, most spinerelated studies have focused on females with osteoporosis, while fewer studies have been performed in male subjects. Thus, the objective of this study was to examine body balance, spinal sagittal alignment, spinal ROM, muscle strength, gait speed, and radiographic findings as risk factors related to falling in middle-aged and elderly males in the prospective cohort study.
Subjects and methods
The subjects were healthy volunteers who attended a ''basic health checkup'' supported by a local government in 2007. This checkup has been held in the town of Yakumo in Hokkaido, Japan, annually for 27 years and is well known among the local people. The checkup program comprises voluntary orthopedic and physical functional examinations for the inhabitants, as well as internal medical examinations and psychological tests. Every year an announcement outlining the aims of the health screening program is mailed to the inhabitants, and their willingness to participate is confirmed by return mail. The inclusion criteria in this study were defined as: (1) age C50 years old; (2) male subjects who underwent physical functional examinations and radiographic examinations of the lumbar spine; and (3) subjects who were informed about the study and gave consent to participation in the study.
A total of 315 persons (male, 110; female, 205) underwent a physical functional examination with lumbar radiography in the 2007 health checkup. Females and ten male subjects were excluded from the study: two due to a history of spinal surgery, three with a history of spinal compression fracture, two with otological disease, and three who did not agree to participate in the study. None of the other male subjects had dysfunction of the central or peripheral nervous system (which would prevent platform measurement patterns seen in normal adults) [16] or rheumatoid arthritis, and none were receiving hemodialysis. Therefore, the current study was prospectively performed in 100 male subjects who received examinations using a G-620 stable force platform (Anima, Tokyo, Japan) for balance and SpinalMouse Ò (Idiag, Volkerswill, Switzerland) for sagittal balance and spinal mobility. The average age of these subjects was 70 years old (range 54-91). Balance, SpinalMouse Ò data, grip strength, back muscle strength, 10-m gait time, lumbar lateral standing radiographs, body mass index (BMI) and fall history in the previous year were examined as described below. The study was approved by the Committee on Ethics in Human Research of Nagoya University.
Radiographic evaluation
The lumbar lordosis angle (T12-L5) and sacral inclination angle were measured using lumbar lateral standing radiographs in a free-standing posture with fingers on the clavicles and shoulders at 45°of forward elevation [17] , and osteophyte formation and disc height were determined as markers of degeneration. Osteophyte formation was evaluated using the Nathan classification (0-4) and the total score (osteophyte score, 0-20) for L1/2-L5/S1 in this classification was also determined [18] . The degree of disc height narrowing was scored based on the scale of Miyakoshi et al. [19] , in which 0, 1 and 2 reflect a 0-20, 20-50 and [50 % reduction in disc height, respectively, compared with the L1-L2 disc. The total score from the L2-L3 to L5-S1 discs was defined as the disc score. A disc score of 0 corresponds to no disc degeneration. To assess the effect of potential interobserver error in grading disc narrowing and osteophytes, 20 radiographs with images of 100 discs and intervertebral osteophytes were evaluated independently by five spinal surgeons. The intraclass correlation coefficients in this analysis were 0.96 for disc height narrowing and 0.93 for osteophytes, and both were highly significant.
Regarding sagittal alignment, Jackson defined the thoracic/lumbar angle ratio (T/L ratio) as reflecting the sagittal balance and suggested ranges of 0.15-0.75 for this ratio [20] [21] [22] . The value of the T/L ratio was obtained by dividing the thoracic kyphosis angle (neutral position) by the lumbar lordosis angle (neutral position). We also investigated the T/L ratio in Japanese volunteers and found that values of 0.4-1.1 reflected ''congruent sagittal alignment'' [23, 24] . Elderly persons with a large T/L ratio are likely to lean forward because thoracic kyphosis is not compensated by lumbar lordosis [25] .
The sagittal vertebral axis (SVA) has also been proposed as a measure of sagittal alignment [26] . The SVA is defined as the horizontal offset from the posterosuperior corner of S1 to the vertebral body of C7. In asymptomatic adults, Jackson reported a mean SVA offset of 50 ± 25 mm [26] . Recently Schwab et al. [27, 28] proposed a new adult deformity classification and defined SVA [ 40 mm as indicating poor sagittal balance and greater SVA indicating poorer sagittal alignment. Therefore, SVA was included in the evaluation and the relationship of subjects with SVA [ 40 mm and fallers was examined.
Strictly, examination of the whole spine radiograph with the hip joints is required to evaluate sagittal balance, but this cannot be achieved in a basic health checkup, as described in the ''Discussion'' section. Therefore, we used the SpinalMouse Ò for evaluating parameters of spinal alignment in this study.
Evaluation using SpinalMouse

Ò
Spinal range of motion (ROM) and spinal angle were measured using SpinalMouse Ò , which is an electronic computer-aided device that measures sagittal spinal ROM and intersegmental angles non-invasively using the so-called surface technique. Intraclass coefficients of 0.92-0.95 have been determined for curvature measurement with SpinalMouse Ò [29] . In the current study, each angle was measured three times in a neutral standing position, maximum bending position, and maximum extension position, and average data were used. The neutral position of SpinalMouse Ò was the same as that in the radiographic evaluation. The evaluation items included the thoracic kyphosis angle (T1-T12), lumbar lordosis angle (T12-L5), sacral inclination angle, SVA, thoracic ROM, lumbar ROM, and total spinal ROM (Fig. 1) . The thoracic kyphosis and lumbar lordosis angles are expressed as positive values in this study. Correlations of the lumbar lordosis angle and sacral inclination angle with lumbar radiograph findings were examined to confirm the reproducibility of SpinalMouse Ò measurements. Evaluation of SpinalMouse Ò data revealed significant correlations with lumbar radiographic data for the lumbar lordosis angle (r = 0.794, p \ 0.0001) and sacral inclination angle (r = 0.646, p \ 0.0001). These significant correlations confirm the reliability of the SpinalMouse Ò measurements of these angles. Therefore, the SpinalMouse Ò data were used for sagittal alignment in the analysis performed in this study.
Platform measurements of balance
Body balance was assessed using a G-620 stable force platform, which is designed to assess the movement of the center of pressure (COP) as the center of gravity in a horizontal plane, using three vertical load sensors at the corners of an isosceles triangle. The balance test procedure has been described in detail elsewhere [2, 30, 31] . Briefly, the recording was carried out in the corner of a gymnasium. All participants were instructed to stand on the foot plate without their shoes and with their arms at their sides and feet close together. The examination was performed twice, each lasting 30 s with eyes open or closed, and three posturographic variables were assessed: distance of movement of the COP per second (LNG/TIME), envelopment area traced by movement of the COP (E AREA), and the ratio of LNG to E AREA (LNG/E AREA).
Back muscle strength, grip strength, and 10-m gait time Back muscle strength was determined from the maximal isometric strength of the trunk muscles in a standing Fig. 1 SpinalMouse measurements. The thoracic kyphosis angle (T1-T12), lumbar lordosis angle (T12-L5), and sacral inclination angle were measured by SpinalMouse. Spinal ROM was also calculated in the maximum bending position and maximum extension position. T/L ratio and SVA were evaluated as global sagittal balance. TS thoracic kyphosis angle, LS lumbar lordosis angle, S sacrum inclination angle, SVA sagittal vertical axis posture with 30°lumbar flexion using a digital back muscle strength meter (T.K.K.5402, Takei Co., Japan) [32] . Grip strength was tested with both hands in a standing position and averaged. The average force from two trials was recorded. The maximum strength in each trial was measured and these values showed high reproducibility (r = 0.990, p \ 0.0001). The 10-m gait time was evaluated as one of the physical abilities of elderly people [25, 33] . It was measured by a therapist who accompanied each subject to evaluate his maximum speed without running. All subjects were assessed by one examiner who was blinded to the results of other evaluations.
History of fall
A ''Fall Record Book'' was used to investigate the history of falls. This book was issued by the local government to the town people for use at the checkup. The town people are very familiar with this approach and it has become a custom for them to write down the date, place and causes of a fall and the details of accompanying injuries and bone fracture. The families of elderly people are asked to help with recording of this information. In this study, the presence or absence of a fall in the previous year was determined using the Fall Record Book.
Statistical analysis
All data are shown as mean ± standard deviation (SD). Correlations between variables were analyzed using Pearson correlation coefficient analysis and simple regression analysis. Multiple regression analyses were conducted to determine which variables best correlated with balance. An unpaired t test was used to evaluate differences between groups of subjects with different histories of fall. A Fisher exact test was used for comparison between subjects with SVA [ 40 mm and the fall group. Probability values of less than 0.05 were considered to be statistically significant.
Results
The characteristics of the subjects are shown in Table 1 . T/L ratio had a significant positive correlation with SVA; and grip strength, back muscle strength and 10-m gait speed showed significant negative correlations with T/L ratio and SVA ( Table 2 ). The results of simple regression analysis of factors related to the movement of the COP are shown in Table 3 . Age, T/L ratio, SVA, lumbar lordosis angle, sacral inclination angle, grip strength, back muscle strength, 10-m gait time, and disc score in a lumbar radiograph showed significant relationships with LNG/TIME and E AREA. Multiple regression analysis of LNG/TIME and E AREA (Table 4) for the items that showed significance in the simple regression analysis (using data collected with eyes closed) showed significant correlations with T/L ratio, SVA, lumbar lordosis angle, and sacral inclination angle, but no correlation with age, muscle strength, gait speed, or disc score. Regarding history of fall in the previous year, 12 subjects had fallen once or more (12 %), of whom 6 had fallen twice or more (6 %). There was a significant difference in age, T/L ratio, SVA, sacral inclination angle, grip strength, 10-m gait time disc score and osteophyte formation in radiography, and LNG/E AREA between subjects with one or more falls and those with no previous falls (Table 5) . Regarding multiple falls, there was also a significant difference in all these items except for disc score and osteophyte formation, and in back muscle strength and lumbar lordosis angle between subjects who experienced two and more falls and those who had only one or no previous falls ( Table 5 ). The group with SVA [ 40 mm (n = 18) had a T/L ratio thoracic/lumbar angle ratio, SVA sagittal vertical axis, ROM range of motion, LNG/TIME distance of movement of the center of pressure (COP) per second, E AREA envelopment area traced by movement of the COP, LNG/E AREA ratio of LNG to E AREA significantly higher number of subjects with a single fall (6 single fallers/18: p = 0.0075) and with multiple falls (4 multiple fallers/18: p = 0.0095).
Discussion
Bone fractures accompanying falling of the elderly further decrease ADL and QOL, and may reduce life expectancy [2, 34] . Among injuries of the elderly, 70 % are related to falling [35] and the severity of the injuries increases with age [36] . Advanced age, number of underlying diseases, motor paralysis, impaired vision, decreased muscle strength, body imbalance, and history of falling have been reported as risk factors for fall [9, 34] . A study of 12 female osteoporosis patients with thoracic kyphosis showed poor balance and an increased propensity to fall on a fall efficacy scale [37] . But, unfortunately, detailed data on spinal sagittal alignment and ROM were not included, and the history of fall was not examined. The results of our study firstly showed that fallers had poorer body balance, spinal sagittal alignment, muscle strength and gait speed, compared to non-fallers. The relationship between falling and body imbalance in this study supported several previous reports [10] [11] [12] . Poor spinal sagittal alignment was related to body imbalance, which may partly account for the association of poor spinal sagittal alignment with falls. This association may also be partly due to an altered vision field. When the body trunk bends forward the direction of the vision line goes downward, which impairs the ability to grasp the circumstances quickly and may cause loss of balance and lead to a fall. While walking, people have to look forward and straiten their spine to have a wider vision to avoid falling. Regarding back muscle strength and physical abilities, the fact that they influenced maintenance of spinal sagittal alignment may account for the relationships of decreased muscle strength and gait speed with the risk of falling. Furthermore, since elderly people tend to shuffle when walking, in part because of a gradual decrease in muscle strength of the whole body, they may be more likely to stumble.
On prevention of falling, previous reports have shown that body balance training improved balance control [7, 38, 39] and that the frequency of fall may be decreased by balance training in elderly females [40] [41] [42] . In addition to balance training, our results show that maintenance of spinal alignment to prevent a posture in which the head is bent forward excessively, and improvement of muscle strength and physical abilities are recommended for prevention of falling.
Maintaining spinal sagittal alignment may be difficult, but increased back muscle strength may prevent worsening of the situation. Synergistically, a reduced frequency of fall decreases the risk of spinal compression fracture and maintains spinal sagittal alignment. Our previous data showed that both spinal sagittal alignment and muscle strength can influence maintenance of QOL in middle-aged and elderly persons [25, 33] . Thus, the efforts for reduction of the risk of falling can further improve ADL and QOL and will be particularly beneficial for elderly people. This study has several limitations. Comparison of the results with female patients with osteoporosis would have been useful, but this could not be achieved in the health checkup. Subjects were required to change their clothes to simple ones or undress to permit ideal measurements with SpinalMouse Ò . However, the health checkup includes internal medicine, urology, ophthalmology and otolaryngology tests, which limits the time and tolerance of subjects for the SpinalMouse Ò examination. For these reasons, the local government holding the health checkup did not permit a SpinalMouse Ò examination for females. However, there is a current focus on studies on spinal compression fracture in female patients with osteoporosis, and therefore conducting more studies in males is important. Second, strictly, a whole spine radiograph including the hip joints is required for evaluating sagittal alignment. The pelvic angle or pelvic tilt Table 5 Significant differences between subjects with a history of fall and non-fallers Other clinical variables had no significant correlations with fall T/L ratio thoracic/lumbar angle ratio, ROM range of motion, LNG/E AREA the ratio of LNG to E AREA has recently been suggested to be necessary for evaluating spino-pelvic alignment [20, 22, 26, 43, 44] . Pelvic tilt is an important parameter if there is compensation in the pelvis for a loss of balance. However, in this health checkup, the cost was supported by a small local government and addition of more radiographic examinations and facilities for whole spine radiographs was too expensive. Therefore, evaluation of the relationships between the spine and hip joints was limited by cost. However, the strength of the study is the evaluation of spinal ROM and spinal alignment including sacral slope and SVA simultaneously with other factors in a health checkup. SVA has been shown to have a significant correlation with pelvic tilt [43, 45] and has recently been proposed as the main item for evaluating global sagittal balance in the SRS-Schwab Adult Deformity Classification [28, 46] . It is certain that the patient with over 40 mm of SVA has widely unbalanced posture, and this limit may be more acceptable for the patient with a high pelvic incidence (PI) and a retroverted pelvis than for the patient with a small PI. Unfortunately, SVA could not be evaluated with PI in this study. Furthermore, SVA\40 mm might not be appropriate for definition of the lower limit of sagittal balance for the healthy volunteers who attended this basic health checkup.
In conclusion, spinal alignment, spinal ROM, body balance, muscle strength, 10-m gait time, and lumbar radiograph findings were firstly evaluated in 100 middleaged and elderly males with no underlying diseases that affected the spine or the movement of the COP in a public health checkup. Body balance, muscle strength, gait speed, and worsened spinal sagittal alignment were significantly associated with fall. Maintenance of spinal sagittal alignment is related to muscle strength, and these factors both stabilize body balance and are mutually related. Therefore, improvement of physical abilities through muscle training and maintenance of spinal sagittal alignment, in addition to body balance training, may be important to prevent falling and maintain ADL of elderly people.
